Abstract. Litchi chinensis Sonn. (lychee), which belongs to the family of Sapindaceae, is a subtropical evergreen tree that is cultivated throughout Southeast Asia, particularly in China. Litchi chinensis has been reported to have anti-inflammatory, antioxidant and antidiabetic activities. However, the antiplatelet and anticoagulant effects of Litchi chinensis have not been reported previously. In this study, we investigated the effects of a 70% ethanol extract from Litchi chinensis (LCE) on platelet aggregation, coagulation and fibrinolysis. LCE dose-dependently inhibited collagen-and ADP-induced platelet aggregation in rat platelet-rich plasma. LCE at 4 mg/ml had a maximal inhibitory effect on platelet aggregation. In particular, the LCE 4 mg/ml-treated group showed almost complete inhibition in the collagen-induced platelet aggregation assay. It also significantly prolonged coagulation times, such as the activated partial thromboplastin and prothrombin time, in rat platelet-poor plasma. We also investigated the fibrinolytic effects of LCE using the fibrin plate assay. LCE increased fibrinolytic activity in a dose-dependent manner. These results demonstrated the antithrombotic effects of LCE and suggest that Litchi chinensis may be a new natural source for the development of antiplatelet, anticoagulant and thrombolytic therapeutics for thrombotic and cardiovascular diseases.
Introduction
Platelets circulate in the blood and play essential roles in hemostasis and repair of the endothelial wall in a physiological state (1) . This is achieved primarily by thrombus formation when damage occurs to the endothelial cell layer of blood vessels. However, excessive platelet aggregation produces a pathological thrombus and plays a major role in the initiation and pathogenesis of atherothrombotic diseases (2) . An abnormal thrombus within the vascular system can obstruct the flow of blood and nutrients to important tissues. As a result, it can cause a variety of cardiovascular diseases, such as myocardial infarction, stroke and ischemic heart disease, and is a leading cause of death (3) . Thus, inhibition of platelet aggregation is important in preventing the progression of atherosclerosis and arterial thromboses (4) .
A thrombus is composed of fibrin, which is produced from its precursor, fibrinogen, by thrombin. An inappropriate fibrin clot must be eliminated rapidly by fibrinolysis to maintain homeostasis (5) . Dissolution of a fibrin clot is dependent on the action of plasmin, a serine protease that is activated by tissue plasminogen activator. In clinical therapy, thrombolytic agents (fibrinolytic enzymes), such as tissue plasminogen activator and urokinase, convert inactive plasminogen to active plasmin, allowing fibrinolysis to occur (6) . Antiplatelet agents, such as aspirin and clopidogrel, are widely used and directly inhibit platelet aggregation. However, use of these agents is limited as they can lead to serious side effects, such as headache, vomiting, and gastric ulceration, and are costly (7, 8) .
Litchi chinensis Sonn. (lychee), which belongs to the family of Sapindaceae, is a subtropical evergreen tree that is cultivated throughout Southeast Asia, especially in China (9) . Lychee fruit has a sweet odor and a delicious taste, and has been used in traditional medicine as a tonic for the liver, heart and brain (10) . It has one of the highest polyphenol contents of any fruit (11) .
Litchi chinensis has been reported to have anti-inflammatory (12), antioxidant (13) , and antidiabetic (14) activities. However, the antiplatelet and anticoagulant effects of Litchi chinensis have not been reported previously. In this study, therefore, the inhibitory activities of Litchi chinensis extract (LCE) on platelet aggregation and coagulation were examined. The fibrinolytic effects of LCE were also investigated using a fibrin plate assay. Dried fruits of Litchi chinensis (100 g) were extracted twice with 70% ethanol (2 h reflux), and the extract was concentrated under reduced pressure. The decoction was filtered, lyophilized and stored at 4˚C. The yield of the dried extract from starting crude materials was 8.31% (w/w).
Animals. Male Sprague-Dawley rats were purchased from Dae-Han Biolink Co. (Eum sung, Korea) and acclimated for 1 week prior to the experiments. The animals were housed in an air-conditioned animal room with a 12/12-h light/dark cycle at a temperature of 22±1˚C and humidity of 50±10%. The animals were provided with a laboratory diet and water ad libitum. All experimental protocols involving the use of animals were conducted in accordance with National Institutes of Health (NIH) guidelines and approved by the Committee on Animal Care.
Preparation of platelets.
Platelet-rich plasma (PRP) was obtained by centrifuging rat blood samples at 180 x g for 10 min, and platelet-poor plasma (PPP) was obtained by centrifuging the PRP at 2,100 x g for 10 min. PRP was adjusted to 3x10 8 platelets/ml with PPP. The number of platelets was counted using a Coulter Counter (Coulter Electronics, Inc., Hialeah, FL, USA).
Platelet aggregation assay. Antiplatelet aggregation activity was investigated as described previously (15), using an aggregometer (Chrono-Log Corp.). Rat PRP (245 µl), prepared as above, was incubated at 37˚C in cuvettes in the aggregometer with stirring at 1,000 rpm, and 2.5 µl 3% dimethyl sulfoxide (control group) or various concentrations of LCE were added. After a 3-min preincubation, platelet aggregation was induced by addition of collagen (10 µg/ml) or ADP (10 µM). Changes in light transmission were recorded for 6 min after induction.
Coagulation assays. PPP was obtained as described above. Briefly, 120 µl plasma was mixed with 40 µl various concentrations of LCE, and the plasma mixture was incubated at 37˚C for 5 min. Coagulation was started by adding thromboplastin and calcium chloride for the prothrombin time (PT) and activated partial thromboplastin time (APTT) assays, respectively. PT and APTT values were measured using an Automated Coagulation Laboratory 7000 Instrument (Instrumentation Laboratory, Milan, Italy). Heparin was used as a reference drug (11.2 µg/ml for PT and 1.4 µg/ml for APTT).
Fibrin plate assay for fibrinolytic activity. Fibrinolytic activity was determined using a fibrin plate assay (16) . A fibrin plate was made in a Petri dish at room temperature with 0.6% human fibrinogen and 50 NIH units of human thrombin. The dishes were left for 30 min at room temperature to allow the fibrin layer to form. Samples (50 µl) were loaded on the fibrin plate at 37˚C for 15 h. Plasmin from human plasma was used as a reference drug. Fibrin plate clearance was monitored by measuring 2 perpendicular diameters of the cleared zone. Fibrinolytic activities were expressed as the clear zone area.
Statistical analyses. All data are presented as means ± SD. The differences between groups were examined using an unpaired Student's t-test. Differences were considered significant at a P-value <0.05.
Results
Effect of LCE on platelet aggregation. The effect of LCE on agonist-induced platelet aggregation was evaluated using rat PRP. As shown in Figs. 1 and 2 , LCE inhibited collagen-and ADP-induced platelet aggregation in a dose-dependent manner. LCE at 4 mg/ml had maximal inhibitory effect on collagen (10 µg/ ml)-and ADP (10 µM)-induced platelet aggregation (0.42±0.74 and 45.62±6.17%). In particular, the LCE 4 mg/ml-treated group showed almost complete inhibition in the collagen-induced platelet aggregation assay. Half inhibitory concentration (IC 50 ) values of LCE for collagen-and ADP-induced platelet aggregation were 1.01 and 2.04 mg/ml, respectively.
Effect of LCE on coagulation time.
The effects of LCE on coagulation times, including PT and APTT, were evaluated at different concentrations. PT and APTT in the control group were 15.57±0.06 and 15.60±0.00 sec, respectively. Heparin, which served as a reference drug, showed statistically significant prolongation of PT and APTT (20.20±0.52 and 38.90±3.70 sec, respectively). LCE significantly prolonged PT and APTT at all concentrations tested, when compared with the control group (Fig. 3) . In particular, APTT was prolonged by treatment with LCE in a dose-dependent manner. LCE at 4 mg/ ml had maximal prolonged effect on APTT (19.03±0.21 sec).
Effect of LCE on fibrinolysis.
In the fibrin plate assay, fibrinolysis was increased by LCE treatment in a dose-dependent manner (Fig. 4) . LCE significantly induced fibrinolysis at 2 and 4 mg/ml, when compared with the control group (2.69±0.39 and 5.46±0.47 vs. 0.00±0.00 mm 2 , respectively). Plasmin (1 and 2 µg), which served as a reference, showed significant fibrinolytic activity (Fig. 4A) .
Discussion
The results of this study demonstrated that LCE inhibited platelet aggregation and increased coagulation times, such as the PT and activated APTT and fibrinolysis. These results indicate that Litchi chinensis may have the potential to prevent thrombotic and cardiovascular diseases, which may be due to antiplatelet, anticoagulation and fibrinolytic effects.
Inappropriate thrombus formation is related to a failure in homeostasis, and the major elements involved are coagulation factors, platelets and blood vessels (17) . To investigate the activity of LCE in the coagulation process, we measured PT and APTT to evaluate the extrinsic and intrinsic routes of coagulation, respectively. PT is specifically altered when there are deficiencies in extrinsic coagulation factors, such as II, VII and X. On the other hand, deficiencies in intrinsic coagulation factors, such as VIIIc, IX, XI and XII, are responsible for increased APTT (18) . In this study, LCE increased PT and APTT, when compared with the control group (Fig. 3) . The increased coagulation times in the intrinsic and extrinsic routes of coagulation are related to a delay in the coagulation process, due to slower fibrin blood clot formation (19) .
Platelets play essential roles in hemostasis, but platelet aggregation is a major cause of atherothrombotic diseases. When there is injury to a blood vessel wall or endothelial cell layer, platelets adhere to the damage site by binding to von Willebrand factor and collagen in the sub-endothelial matrix. Next, platelets are stimulated to release various molecules, such as thrombin, thromboxane A 2 , and ADP, to activate other platelets, and to increase the expression of glycoprotein IIb/IIIa receptors for fibrinogen binding. These processes lead to the formation of a platelet plug at the damaged endothelial site (20, 21) .
The results of the present study showed that LCE inhibited collagen-and ADP-induced platelet aggregation in a concentration-dependent manner ( Fig. 1 and 2 ), indicating that Litchi chinensis has potential antithrombotic activity. However, in this study, in vivo antithrombotic effects and the antiplatelet mechanisms of action of LCE were not examined. Further studies on these effects of LCE are now in progress.
Additionally, the present results showed that LCE has fibrinolytic activity, and suggest that Litchi chinensis may also be useful in thrombolytic therapy. Thrombolytic agents are classified according to their fibrinolysis mechanisms. Plasmin activator converts plasminogen to active plasmin for fibrinolysis. Plasmin-like proteins, which have been discovered in fermented foods, perform fibrinolysis directly (22) . Further study is necessary to purify and characterize Litchi chinensisderived fibrinolytic components.
In conclusion, the present results indicate that LCE has a potent antithrombotic effect, inhibiting platelet aggregation, delaying coagulation time, and increasing fibrinolysis. Litchi chinensis may be a new natural source for the development of antiplatelet, anticoagulant and thrombolytic therapeutics for thrombotic and cardiovascular diseases.
